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Phase Transition(s) in QCD

deconfinement SU(Nc) Yang-Mills: ZNc symmetry

order parameter: Polyakov loop ` , `→ z` with z ∈ ZNc

〈`〉 = 0 T < Td 〈`〉 6= 0 T > Td

〈`〉 ∼ e−
Fq
T , Fq free energy of mq → ∞

Nc = 2 second order, Nc = 3 weakly first order

chiral symmetry restoration QCD with mq = 0: chiral symmetry

order parameter: chiral condensate ψ̄ψ

〈ψ̄ψ〉 6= 0 T < Tch 〈ψ̄ψ〉 = 0 T > Tch

Nc = 2, 3 and Nf = 2 second order



mq finite – no true order parameter
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Tch = Td

evidence for a single QCD phase transition

why?



QCD-like Theories

adjoint QCD
ZNc and chiral symmetry – order parameters: 〈`〉 and 〈ψ̄ψ〉

– the two transitions can be studied independently –

↓

0.0

0.1

0.2

0.3

0.4

0.5

5.2 5.4 5.6 5.8 6.0 6.2β

L3

(a)

m=0.010
m=0.020
m=0.040
m=0.080
m=0.100
m → ∞ 0.0

0.5

1.0

1.5

2.0

5.4 5.8 6.2 6.6 7.0β

<ψψ>

(a)

m=0.100
m=0.080
m=0.040
m=0.020
m=0.010
m=0.000

Tch ' 8Td F.Karsch, M.Lütgemeier, NPB (1999)

why?



The General Theory

� order parameter field (o.p) – knows the symmetry

� non-order parameter field (n.o.p) – scalar singlet

� near Tc

mo.p � T � mn.o.p mo.p(T ) ∼ |T − Tc|
ν

〈o.p field〉 6= 0 in symmetry broken phase induces variation in 〈n.o.p field〉

spatial correlators of n.o.p fields dominated at Tc by the critical behavior of o.p

finite drop in the screening mass of any scalar singlet field at Tc

F.Sannino, PRD (2002)

A.M., F.Sannino, K.Tuominen, PRL (2003); hep-ph/0306069



Quarks in Fundamental Representation Nc = Nf = 2

order parameter: chiral σ field
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expectation values

broken phase T < Tcσ
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spatial correlator of n.o.p field

∼ g2
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IR singularity at T = Tc
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Quarks in Adjoint Representation Nc = Nf = 2

order parameters: chiral σ field and Polyakov loop χ
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Tcσ � Tcχ

T < Tcσ: 〈σ〉σχ2 and T > Tcχ: 〈χ〉χσ2 exists, but harmless

fully separated transitions & neither of the fields feels the transition of the other

Tcχ � Tcσ

Tcχ < T < Tcσ
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near Tcχ: 〈σ〉σχ2 ; ∆m2
σ(Tcχ) ∼ −〈σ〉2

near Tcσ: 〈χ〉χσ2 ; ∆m2
χ(Tcσ) ∼ −〈χ〉2

the two fields do feel each other near the
respective phase transitions

existence of substructures near Tc’s



Conclusions and Further Thoughts

� info encoded in o.p efficiently communicated to n.o.p via trilinear coupling

� massless (light) quarks in the fundamental:
– confinement (rise in PL) is driven by the chiral transition –

� very heavy quarks:
– deconfinement drives the (approximate) restoration of chiral symmetry –

� aQCD – existence of substructures
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� 2QCD at µ 6= 0
transition from quark-antiquark condensate to diquark condensate
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